Abstract. Several important generalizations of Fermi-Dirac distribution are compared to numerical and experimental results for correlated electron systems. It is found that the quantum distributions based on incomplete information hypothesis can be useful for describing this kind of systems. We show that the additive incomplete fermion distribution gives very good description of weakly correlated electrons and that the nonadditive one is suitable to very strong correlated cases. 
Introduction
In this work, we attempt to relate generalized statistical theories to correlated electron or quasiparticle systems which, since 1980's, have been subjected to intensive theoretical and experimental studies due to their important roles in optical [1] , mechanical [2] , electric and magnetic [3] [4] [5] [6] [7] [8] properties of metal compounds with partially filled d-or f -electrons. In general, with complex correlations, the conventional Boltzmann-Gibbs statistics (BGS) for free fermions is no longer valid. Most of the theoretical study up to now was numerical simulations based on approximate models including essential physics of the systems of interest. Although these theoretical works are very important and fruitful, the need of general understanding and theoretical formulation of the distribution laws begins to be felt. Due to the complexity of the correlations, we can conjecture that generalization of Fermi-Dirac (FD) theory may be useful. In this sense, some efforts have been made to understand localized electron behavior on the basis of fractal geometry (see [9] and references there-in), a generalization of normal space-time.
In what follows, I present a work in this direction based, not on the fractal or chaotic assumption, but on generalized statistical theories proposed for complex systems showing correlated phenomena. The theoretical results will be compared to numerical and experimental ones for correlated electrons. It is expected that this attempt can help to better understand different generalized theories and identify valid theories for this special circumstance. a e-mail: awang@ismans.univ-lemans.fr
Some important generalizations of BGS and correlated electrons
Indeed, in the last decade, BGS theory has experienced a turbulent period with the rapid development of some anomalous theories to treat complex systems. These theories are anomalous in the sense that they may perturb our old conceptions concerning, e.g., information, energy, quantum states, additivity etc. The main characters of these theories can be resumed as follows: 1) Consideration of nonadditivity in entropy, energy, quantum occupation number etc. depending on empirical parameters, e.g. 0 < q < ∞ in Tsallis nonextensive statistical mechanics (NSM) [10] and in its incomplete statistics (IS) version [11] [12] [13] [14] [15] as well as in quantum group theory (QGT) [16, 17] , κ ≥ 0 in κ-statistics (KS) [18] .
2) Bosonization of fermions or fermionization of bosons allowing intermediate occupation number related to empirical parameter, e.g. 0 ≤ α ≤ 1 in fractional exclusion statistics(FES) [17, [19] [20] [21] [22] and −1 ≤ η ≤ 1 for the FES in the frame of KS [18] .
3) The empirical parameters take some particular values when the theories recover BGS (q = 1, α = 0, 1, κ = 0 and η = −1, 0, 1).
The philosophy of these generalizations, explicit or not, is to introduce empirical parameters to "absorb" the effects of complex correlations. So interacting systems can be mathematically treated as noninteracting or conventional ones. For example, the total energy of an interacting "free particle" can be written as p 2 /2m where p is the momentum and m the mass of the particle. The extra interaction energy is in this way "absorbed" in the We note that all these distributions show sharp n drop at Fermi energy e f . In addition, AD and KS distributions are only slightly different from the FD one even with q very different from unity and maximal κ far from zero. On the other hand, the nonextensive IS distribution changes drastically with decreasing q. We notice a wide decrease of n and a strong increase of e f with decreasing q. As q → 0, the occupation number tends to 1/2 (zero) for all states below (above) e f which increases up to 2 times e f 0 , a fact shown by numerical calculations for strong correlated electrons. empirical parameter when they are different from the values corresponding to conventional cases.
About the generalization of FD statistics, Figure 1 shows the different fermion distributions at T =100 K of the generalized statistical mechanics mentioned above. We see that the discontinuity in occupation number n at Fermi energy e f depends almost only on temperature for all these distributions. The sharp n-drop hardly changes for whatever value of the empirical parameters. In addition, we note that the approximate distribution (AD) n = 1 [1+(q−1)β(e−e f )] 1/(q−1) +1 (0 < q ≤ 1 in order that the inverse temperature β can go to ∞) of NSM obtained with factorization approximation [22, 23] by neglecting correlation energy between the particles is only slightly different from FD one. So its Fermi energy is almost identical to that of FD. The situation of KS is similar. At low temperature, the κ-distribution of standard
is hardly different from FD for κ values which give finite internal energy (e.g. 0 ≤ κ < 1/2 for two dimensional fermion gas). For FES fermion distribution [24]), the ndiscontinuity depends only on temperature just as for FD. The influence of α smaller than unity (for FD) is to decrease e f (α times) and to increase the maximal occupation number (1/α). As for the nonextensive fermion distribution of IS n = 1 [1+(q−1)β(e−e f )] q/(q−1) +1 [14, 15] , though n drop at e f is always very sharp, e f increase considerably as q decreases from unity. And consequently, there is an important wide n decrease with decreasing q. It was shown [15] that, for q → 0, e f can increase up to two times the e f of FD with n = 1/2 (n = 0) for all energy below (above) e f . Another common character of NSM and IS distributions is that, due to the energy cutoff with q < 1, there are few electrons above e f at low temperature (large β). Now let us see the distributions of correlated electrons. From some results of experiments and numerical simulations based on low dimension Kondo lattice models (KLM) [5-8], we notice two important effects of correlations. First, the wide decrease of n and the sharp n drop at e f much larger than that without correlation have indeed been observed for very strongly correlated electrons (with the coupling parameter J ≥ 4) [6, 8] (see Figs. 3 and 4) . So it is possible to describe correlated electron systems in strong coupling regime by IS fermion distribution with q very smaller than unity (close to zero) [15] . On the other hand, another effect of correlation, in the weak coupling regime, is the flattening of n drop at e f [5] [6] [7] [8] . That is that the correlation, even at low temperature, drives electrons above e f so that the n discontinuity becomes less and less sharp as the correlation increases. Curiously, this flattening of n discontinuity at e f , though confirmed by experimental results [5] , is completely absent in the fermion distributions given by all the statistics, extensive (FES) or nonextensive (NSM, IS and KS), mentioned above.
Fermi surface plays an essential role in the physical properties of metals and metal compounds. So it is of great interest for generalized statistical theories to take into account the essential physics relevant to Fermi energy. In what follows, we will show that it is possible to cover the observed weak correlation effects upon e f within an additive generalization of BGS based on the IS principles. The reader can find a complete review of IS theory in references [11] [12] [13] [14] [15] .
Additive incomplete statistics
The concept of IS is inspired by incomplete probability distribution (i.e. Trρ = Q = 1) [25] as well as the theoretical difficulties one encounters with Trρ q = 1 in NSM [10, 13] . The basic assumption of IS is that our knowledge about physical systems is in general incomplete due to unknown interactions or their effects which can not be studied explicitly. In this case, there are always missing informations about the physical systems. So probability distribution is in general inexact and incomplete and can not sum to one. One should write Tr(ρ/Q) = TrF (ρ) = 1 where F is certain function to be determined. In the case of complete or approximately complete distribution (such as BGS), F is identity function. In my previous paper, in order to keep Tsallis framework of NSM, I proposed F (ρ) = ρ q so that
